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(57) ABSTRACT

The present invention relates to a switching operation control
device of a power switch, an LED light emitting device
including the same, and a control method thereof. The control
device detects a zero crossing time when a voltage at an input
end of the power switch becomes a zero voltage, generates a
reference signal that 1s synchronized with the voltage at the
input end of the power switch by using the detected zero
crossing time, and compensates the generated reference sig-
nal with a first voltage that 1s greater than the zero voltage
during a blocking period corresponding to the zero crossing
time.

19 Claims, 7 Drawing Sheets
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CONTROL DEVICE, LED LIGHT EMITTING
DEVICE INCLUDING THE SAME, AND
CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims prionity to and the benefit of

Korean Patent Application No. 10-2010-0014309 filed 1n the
Korean Intellectual Property Office on Feb. 17, 2010, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a control device for con-
trolling a switching operation, an LED light emitting device
including the same, and a control method.

(b) Description of the Related Art

A buck converter includes a bridge diode for rectifying an
AC 1nput. Particularly, the buck converter having no bulky
capacitor varies a rectifying diode output voltage according to
a load connected to the buck converter. The rectifying diode
output voltage 1s generated by rectifying AC power that 1s
input to the buck converter. The rectifying diode output volt-
age will be referred to as an 1input voltage hereinafter.

Also, the load connected to the buck converter depends on
a switching operation of a power switch for controlling the
buck converter. When the power switch (S) 1s not switched,
iput impedance of the buck converter 1s very large, and
hence an input voltage has a constant DC offset voltage. The
DC oflset voltage applies a negative influence to detection of
an iput voltage or phase.

FIG. 1 shows an LED light emitting device for emitting a
plurality of LEDs by supplying current to an LED string
including a plurality of LEDs using a buck converter. In FIG.
1, the rectiiying diode is realized with a bridge diode 14.

As shown 1n FIG. 1, 1n the LED light emitting device, AC
power (AC) 1s rectified by passing through the bridge diode
14. The bnidge diode 14 full-wave rectifies the mput AC
power. The rectified voltage, that 1s, the mput voltage, 1s
supplied to the inductor 11, and the inductor 11 supplies a
driving current to a plurality of LEDs according to an opera-
tion of the power switch (S). The switch 15 including the
power switch (S) controls a switching operation of the power
switch (S).

When the power switch (S) 1s turned on, inductor current
(IL) flowing to the imnductor 11 1s increased, and when the
power switch (S) 1s turned off, the inductor current (IL) 1s
reduced. The peak value of the inductor current (IL) for a
single switching period follows the full wave rectified current
having passed through the bridge diode 14. Therefore, the
peak value of the inductor current (IL) follows the full wave
rectified sine wave, and the inductor current (IL) rises up to
the peak value and then falls periodically. The duty of the
power switch (S) 1s determined by the input voltage. In detail,
the duty 1s reduced as the input voltage 1s increased and the
duty 1s increased as the input voltage 1s reduced 1n order to
maintain output power.

Information on the mput voltage 1s needed to control the
switching operation of the power switch (S). A voltage at an
input end of the power switch (S) electrically connected to the
bridge diode 14 has a wavelorm similar to the input voltage.

In this mnstance, 11 the switch 135 controls the switching
operation of the power switch (5) while the input voltage does
not become a zero voltage because of load variation or noise
in the input AC power, the switch 15 controls the power
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switch (S) based on the wrong input voltage information by a
DC offset voltage of the mput voltage. When the power
switch (S) 1s mistakenly controlled, noise occurs by the
switching operation of the power switch (S), and the input
voltage 1s not reduced to be near O volts.

The above information disclosed in this Background sec-
tion 1s only for enhancement of understanding of the back-
ground of the invention and therefore 1t may contain infor-
mation that does not form the prior art that 1s already known
in this country to a person of ordinary skill 1n the art.

SUMMARY OF THE INVENTION

The present invention has been made 1n an effort to provide
a control device for controlling a converter that 1s operable
free from noise, and a control method.

The present invention has been made 1n another effort to
provide an LED light emitting device including a control
device.

An exemplary embodiment of the present invention pro-
vides a control device for controlling a switching operation of
a power switch, including: a reference signal generator for
detecting a zero crossing time when a voltage at an input end
of the power switch becomes a zero voltage, generating a
reference signal that 1s synchronized with the voltage at the
input end of the power switch by using the detected zero
crossing time, and compensating the generated reference sig-
nal with a first voltage that 1s greater than the zero voltage
during a blocking period corresponding to the zero crossing
time; and a PWM controller for controlling and switching the
switching operation of the power switch by comparing a
sensing current corresponding to current flowing to the power
switch and the compensated reference signal.

The reference signal generator includes: a voltage detector
for generating a detecting voltage corresponding to the volt-
age at the mput end of the power switch; a zero crossing
detector for comparing the detecting voltage and a predeter-
mined threshold voltage for detecting the blocking period,
detecting the blocking period according to the comparison
result, and generating a zero crossing detecting signal that 1s
variable by the blocking period; a reference clock signal
generator for generating a reference clock signal for control-
ling the reference signal to be synchronized with the voltage
at the mnput end of the power switch by using the zero crossing
detecting signal and predetermined clock signals; a digital
sine wave generator for generating a digital signal that 1s
sequentially increased and 1s decreased according to the ret-
erence clock signal during one period of the reference signal
by using the reference clock signal and the zero crossing
detecting signal; a digital-analog converter for generating the
reference signal by converting the digital signal 1nto an ana-
log signal; and a compensator for maintaining the reference
signal at a first voltage during the blocking period by using the
zero crossing detecting signal and the reference signal.

The voltage detector includes: a voltage-current converting,
means for generating a detecting current corresponding to the
voltage at the input end of the power switch; and a resistor to
which the detecting current flows, and the detecting voltage 1s
generated by the resistor.

The zero crossing detecting signal has a first level during a
first period from a time when the detecting voltage that 1s
generated when the power switch is turned oif becomes less
than the threshold voltage to a time when 1t becomes greater
than the threshold voltage, and a second level that 1s different
from the first level during a period except the first period,
wherein the first period 1s the blocking period.
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The reference clock signal generator estimates a continu-
ous zero crossing time by using the zero crossing detecting
signal, sets a gap between the estimated zero crossing times as
a period of the reference signal, and generates a reference
clock signal that includes rising and falling edges by a pre-
determined reference number of times for one period of the
reference signal by dividing the clock signals.

The estimated zero crossing time 1s a random time of the
blocking period, and the reference number of times 1s set to
generate the reference signal into a wavelorm that follows the
voltage at the input end of the power switch.

The digital sine wave generator increases the digital signal
from a time when a first edge of the reference clock signal
occurring during one period of the reference signal to a time
when an n-th edge of the reference clock signal correspond-
ing to a half of the reference number of times occurs, and 1t
reduces the digital signal from a time when an (n+1)-th edge
1s generated to a time when an edge of the reference clock
signal corresponding to the reference number of times occurs.

The reference signal generator includes: a voltage detector
for generating a detecting voltage corresponding to the volt-
age at the input end of the power switch; a zero crossing
detector for comparing the detecting voltage and a predeter-
mined threshold voltage for detecting the blocking period,
detecting the blocking period according to the comparison
result, and generating a zero crossing detecting signal that 1s
variable by the blocking period; a reference clock signal
generator for generating a reference clock signal for control-
ling the reference signal to be synchronized with the voltage
at the input end of the power switch by using the zero crossing
detecting signal and predetermined clock signals; a digital
sine wave generator for generating a digital signal that 1s
sequentially increased and 1s decreased according to the ref-
erence clock signal during one period of the reference signal
by using the reference clock signal and the zero crossing
detecting signal; and a digital-analog converter for generating
the reference signal by converting the digital signal 1nto an
analog signal, wherein the digital signal 1s maintained during
the blocking period.

The voltage detector includes: a voltage-current converting,
means for generating a detecting current corresponding to the
voltage at the input end of the power switch; and a resistor to
which the detecting current flows, and the detecting voltage 1s
generated by the resistor.

The zero crossing detecting signal has a first level during a
first period from a time when the detecting voltage that 1s
generated when the power switch 1s turned oif becomes less
than the threshold voltage to a time when 1t becomes greater
than the threshold voltage, and a second level that 1s different
trom the first level during a period except the first period, and
the first period 1s the blocking period.

The reference clock signal generator estimates a continu-
ous zero crossing time by using the zero crossing detecting
signal, sets a gap between the estimated zero crossing times as
a period of the reference signal, and generates a reference
clock signal that includes rising and falling edges by a pre-
determined reference number of times for one period of the
reference signal by dividing the clock signals.

The estimated zero crossing time 1s a random time of the
blocking period, and the reference number of times 1s set to
generate the reference signal into a wavelorm that follows the
voltage at the input end of the power switch.

Another embodiment of the present invention provides a
switching control method of a power switch including:
detecting a zero crossing time when a voltage at an input end
of the power switch becomes zero voltage; generating a ret-
erence signal that 1s synchronized with the voltage at the input
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end of the power switch by using the detected zero crossing
time; and compensating the generated reference signal with a
first voltage that 1s greater than the zero voltage during a
blocking period corresponding to the zero crossing time.

The switching control method further includes controlling
the switching operation of the power switch by comparing a
sensing current corresponding to current flowing to the power
switch and the compensated reference signal.

The generating of a reference signal includes: generating a
detecting voltage corresponding to the voltage at the mput
end of the power switch; comparing the detecting voltage and
a predetermined threshold voltage for detecting the blocking
period, detecting the blocking period according to the com-
parison result, and generating a zero crossing detecting signal
that 1s variable by the blocking period; generating a reference
clock signal for controlling the reference signal to be syn-
chronized with the voltage at the input end of the power
switch by using the zero crossing detecting signal and prede-
termined clock signals; generating a digital signal that 1s
sequentially increased and 1s decreased according to the ref-
erence clock signal during one period of the reference signal
by using the reference clock signal and the zero crossing
detecting signal; and generating the reference signal by con-
verting the digital signal into an analog signal.

The digital signal 1s maintained during the blocking period.

Yet another embodiment of the present invention provides
an LED light emitting device including: an LED string
including a plurality of LEDs; a converter for supplying cur-
rent to the LED string according to a switching operation by
a power switch; and a control device for detecting a zero
crossing time when a voltage at an mput end of the power
switch becomes a zero voltage, generating a reference signal
that 1s synchronized with the voltage at the imput end of the
power switch by using the detected zero crossing time, com-
pensating the generated reference signal with a first voltage
that 1s greater than the zero voltage during a blocking period
corresponding to the zero crossing time, and controlling and
switching the switching operation of the power switch by
comparing a sensing current corresponding to current flowing
to the power switch and the compensated reference signal.

The control device includes a reference signal generator for
generating and compensating the reference signal, and the
reference signal generator includes: a voltage detector for
generating a detecting voltage corresponding to the voltage at
the input end of the power switch; a zero crossing detector for
comparing the detecting voltage and a predetermined thresh-
old voltage for detecting the blocking period, detecting the
blocking period according to the comparison result, and gen-
erating a zero crossing detecting signal that 1s variable by the
blocking period; a reference clock signal generator for gen-
erating a reference clock signal for controlling the reference
signal to be synchronized with the voltage at the input end of
the power switch by using the zero crossing detecting signal
and predetermined clock signals; a digital sine wave genera-
tor for generating a digital signal that 1s sequentially
increased and 1s decreased according to the reference clock
signal during one period of the reference signal by using the
reference clock signal and the zero crossing detecting signal;
a digital-analog converter for generating the reference signal
by converting the digital signal into an analog signal; and a
compensator for maintaining the reference signal at a {first
voltage during the blocking period by using the zero crossing
detecting signal and the reference signal.

The control device includes a reference signal generator for
generating and compensating the reference signal, and the
reference signal generator includes: a voltage detector for
generating a detecting voltage corresponding to the voltage at
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the mput end of the power switch; a zero crossing detector for
comparing the detecting voltage and a predetermined thresh-
old voltage for detecting the blocking period, detecting the
blocking period according to the comparison result, and gen-
erating a zero crossing detecting signal that 1s variable by the
blocking period; a reference clock signal generator for gen-
erating a reference clock signal for controlling the reference
signal to be synchronized with the voltage at the input end of
the power switch by using the zero crossing detecting signal
and predetermined clock signals; a digital sine wave genera-
tor for generating a digital signal that 1s sequentially
increased and 1s decreased according to the reference clock
signal during one period of the reference signal by using the
reference clock signal and the zero crossing detecting signal;
and a digital-analog converter for generating the reference
signal by converting the digital signal into an analog signal,
wherein the digital signal 1s maintained at the first voltage
during the blocking period.

According to an embodiment of the present invention, a
control device for controlling a switching operation without
influence of noise, an LED light emitting device including the
same, and a control method are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an LED light emitting device for emitting a
plurality of LEDs by supplying current to an LED string
including a plurality of LEDs using a buck converter.

FIG. 2 shows an LED light emitting device including a
converter and a control device for controlling the converter
according to an exemplary embodiment of the present inven-
tion.

FI1G. 3 shows a full wave rectifying voltage, a drain voltage,
a detecting voltage, a zero crossing detecting signal, a refer-
ence clock signal, and a reference signal according to an
exemplary embodiment of the present mnvention.

FIG. 4 shows a voltage detector according to an exemplary
embodiment of the present invention.

FIG. 5 shows an influence by noise that 1s generated 1n a
detecting voltage according to noise of a drain voltage to a
zero crossing detecting signal.

FIG. 6 shows a compensator according to an exemplary
embodiment of the present invention.

FIG. 7 shows a compensation reference signal and a drain
voltage when a switching operation 1s controlled by the com-
pensation reference signal according to an exemplary
embodiment of the present invention.

FIG. 8 shows a reference signal generator according to
another exemplary embodiment of the present invention.

FI1G. 9 shows a reference signal according to another exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(Ll

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of 1llustration. As those skilled
in the art would realize, the described embodiments may be
modified 1n various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative 1n
nature and not restrictive. Like reference numerals designate
like elements throughout the specification.

Throughout this specification and the claims that follow,
when 1t 1s described that an element 1s “coupled” to another
clement, the element may be “directly coupled” to the other
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6

clement or “electrically coupled” to the other element
through a third element. In addition, unless explicitly
described to the contrary, the word “comprise” and variations
such as “comprises™ or “comprising’ will be understood to
imply the inclusion of stated elements but not the exclusion of
any other elements.

A converter, a converter control device, and an LED light
emitting device including the same according to an exem-
plary embodiment of the present ivention will now be
described with reference to drawings.

FIG. 2 shows an LED light emitting device 10 including a
converter 1 and a control device 2 for controlling the con-
verter 1 according to an exemplary embodiment of the present
ivention.

As shown 1n FIG. 2, a power switch (M) of the converter 1
1s switched according to a gate signal (V) transmitted by the
control device 2. The power switch (M) 1s configured with an
n-channel metal oxide semiconductor filed effect transistor
(NMOSEFET). A sensing transistor (ST) that has a drain elec-
trode connected to a drain electrode of the power switch (M)
and that 1s switched by the gate signal (V) senses current
flowing to the power switch (M). The current flowing to a
sensing transistor (ST) 1s very much less than the current
flowing to the power switch (M), and the current flowing to
the sensing transistor (ST) tlows to a resistor (R) to generate
a sensing voltage (Vsense). The sensing transistor (ST)
includes an NMOSFET.

The converter 1 includes a power switch (M), a bridge
diode 110, a diode (FRD), and an inductor (L1).

The bridge diode 110 includes 4 diodes 111 to 114, and
generates a Tull wave rectifying voltage (Vrec) by full wave
rectifying the mput AC power (AC).

An output end of the bridge diode 110 1s connected to a first
end of the mductor L1. The full wave rectifying voltage
(Vrec) 1s supplied to the first end of the inductor L1, and a
second end of the inductor L1 1s connected to a first end of the
LED string 3. The diode (FRD) 1s a fast recovery diode, and
it 1s connected to the drain electrode of the power switch (M)
and the first end of the inductor LL1. The diode (FRD) provides
a path on which reverse recovery current generated by the
switching operation of the power switch (M) tlows.

The drain electrode of the power switch (M) 1s connected to
a second end of the LED string 3, a source electrode thereof 1s
grounded, and a gate electrode thereof recerves the gate signal
(VG) from the control device 2. The power switch (M) 1s
switched by the gate signal (VG).

The sensing transistor (ST) includes a drain electrode con-
nected to the drain electrode of the power switch (M), a gate
clectrode for receiving the gate signal (VG), and a grounded
source electrode. The sensing transistor (ST) senses the cur-
rent flowing to the power switch (M).

The power switch (M) 1s turned on, and the inductor current
(IL) tflows through the LED string 3 and the power switch
(M). The sensing current (Is) having a predetermined ratio
compared to the current (heremafter, drain current (Ids))
flowing to the power switch (M) flows to the sensing transis-
tor (ST). Power rectified by the bridge diode 12 1s supplied to
the LED string 3 according to the switching operation of the
power switch (M). When the power switch (M) 1s turned on,
inductor current (IL) flowing to the inductor (L) occurs, the
inductor current (IL) 1s supplied to the LED string 3, and the
LED string 3 emits light.

The control device 2 senses a voltage (hereinafter, drain
voltage (Vd)) at an input end of the power switch (M), that 1s,
at the drain electrode of the power switch (M), to generate a
reference signal (SREF) following the wavetorm of the drain
voltage (Vd), and uses the compensated reference signal
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(CREF) and the sensing current (Is) to control the switching
operation of the power switch (M). In this 1nstance, the con-
trol device 2 detects an interval (hereinafter, blocking inter-
val) 1n which the drain voltage (Vd) 1s near the zero voltage so
as to detect a zero crossing time when the drain voltage (Vd)
becomes the zero voltage. The blocking interval corresponds
to the zero crossing time. The control device 2 maintains the
reference signal (SREF) at a constant voltage that 1s greater
than the zero voltage in the blocking interval to generate a
compensation reference signal (CREF). The power switch
(M) maintains the turn-on state during the blocking interval.

The control device 2 includes a reference signal generator
210 and a PWM controller 220.

The reference signal generator 210 senses the drain voltage
(Vd) of the power switch (M) and generates a reference signal
(SREF) following the sensed drain voltage (Vd). The refer-
ence signal generator 210 detects the time when the drain
voltage (Vd) crosses 0, and generates a reference signal
(SREF) having a gap between the detected times as a period.
When the drain voltage (Vd) 1s influenced by noise of the
bridge diode, the drain voltage (Vd) generates noise, and it 1s
difficult to accurately detect the time when the drain voltage
(Vd) crosses 0 1n the blocking interval because of the noise.
Then, the reference signal (SREF) does not follow the drain
voltage (Vd).

When the reference signal (SREF) does not follow the
drain voltage (Vd), a phase difference between the full wave
rectifying voltage and the inductor current 1s increased to
reduce the power factor. The power factor 1s improved as the
phase difference between the full wave rectifying voltage and
the inductor current becomes less, and when the period of the
reference signal (SREF) 1s varied, the period of the inductor
current 1s also varied. The drain voltage (Vd) has the same
phase and period as the full wave rectitying voltage, and when
the reference signal (SREF) does not follow the drain voltage
(Vd), a phase difference between the full wave rectifying
voltage and the inductor current 1s increased. As a result, the
power factor of the converter 1 1s deteriorated. To prevent this
problem, a reference signal (SREF) that 1s not influenced by
noise and follows the drain voltage (Vd) 1s generated.

Referring to FIG. 3, an operation of the reference signal
generator 210 according to an exemplary embodiment of the
present invention will now be described 1n detail.

FIG. 3 shows a tull wave rectifying voltage, a drain voltage,
a detecting voltage, a zero crossing detecting signal, a refer-
ence clock signal, and a reference signal according to an
exemplary embodiment of the present mvention. The full
wave rectifying voltage, drain voltage, and detecting voltage
shown 1n FIG. 3 are shown as wavetorms that occur when no
noise 1s generated.

As shown 1n FI1G. 3, the drain voltage (Vd) follows the full
wave rectifying voltage (Vrec) when the power switch (M) 1s
turned off. When the power switch (M) 1s turned on, the drain
voltage (Vd) becomes 0 volts.

The reference signal generator 210 includes a voltage
detector 211, a zero crossing detector 212, a reference clock
signal generator 213, a digital sine wave generator 214, a
digital-to-analog converter (DAC) 215, and a compensator
216.

The voltage detector 211 recerves the drain voltage (Vd),
and generates a detecting voltage (VD'T) corresponding to a
drain voltage (Vd). When the sensed drain voltage (Vd) 1s
greater than a predetermined clamp voltage, the voltage
detector 211 outputs the clamp voltage as the detecting volt-
age (VDT). Therelore, the detecting voltage (VDT) shown 1n
FIG. 3 1s generated. The voltage detector 211 includes a
voltage-current converting means for generating current
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according to the drain voltage (Vd), and generates a voltage
that corresponds to the detecting current generated by the
voltage-current converting means as the detecting voltage
(VDT). The voltage-current converting means increases cur-
rent as the drain voltage (Vd) 1s increased, and generates
constant current when the drain voltage (Vd) becomes greater
than the clamping voltage. In detail, one of the enhancement
metal-oxide semiconductor field effect transistor, the junc-
tion gate field-etlect transistor (JFET), the depletion metal-
oxide semiconductor field effect transistor (MOSFET), and
the bipolar junction transistor (BJT) 1s used to realize this.
The above-noted transistors generate current that increases
according to the drain voltage (Vd) in the linear area, and
generate current that i1s constant irrespective of the drain
voltage (Vd) 1n the saturation area. In the exemplary embodi-
ment of the present mvention, the JEFET 1s used for the volt-
age-current converting means.

FIG. 4 shows a voltage detector 211 according to an exem-
plary embodiment of the present invention. Currentof a JFET
231 represents a detecting current corresponding to a drain
voltage (Vd).

The voltage detector 211 includes a JFET 231, a resistor
R1, and a resistor R2. A gate-source voltage of the JFET 231
1s greater than a threshold voltage of the JFET, and a voltage
at a drain electrode of the JFET 231 corresponds to the drain
voltage (Vd). Therefore, when the JFET 231 1s operable in the
linear area, current of the JFET 231 1s increased 1n proportion
to the drain voltage (Vd), and when the drain voltage (Vd) 1s
increased and the JFET 231 1s operable in the saturation area,
current of the JFET 231 1s maintained at a constant value
irrespective of the drain voltage (Vd). When the current of the
JFET 231 flows to the resistor R2, the detecting voltage
(VDT) 1s generated.

The zero crossing detector 212 senses a blocking period in
which the drain voltage (Vd) approaches the zero voltage by
using a detecting voltage, and generates a zero crossing
detecting signal (ZCD) for indicating the blocking period.
Since the drain voltage (Vd) 1s 0 volts while the power switch
1s turned on, the detecting voltage occurs when the power
switch 1s turned off. That 1s, the zero crossing detector 212
compares the detecting voltage and the threshold voltage
when the power switch 1s turned off. The above-noted block-
ing period represents a period from a time 1n which the detect-
ing voltage when the power switch 1s turned off becomes less
than a predetermined threshold voltage to a time 1n which the
detecting voltage reaches the threshold voltage. The zero
crossing detector generates a zero crossing detection signal
(ZCD) that has a high level while the detecting voltage 1s
greater than the threshold voltage, and that has a low level
during the blocking period. It 1s determined in the exemplary
embodiment of the present invention that the drain voltage
(Vd) crosses 0 volts at one time during the blocking period.

FIG. 5 shows an influence by noise that 1s generated 1n a
detecting voltage according to noise of a drain voltage (Vd) to
a zero crossing detecting signal (ZCD).

In FIG. 5, the solid line shows the drain voltage (Vd), the
detecting voltage, and the zero crossing detecting signal when
the drain voltage (Vd) has no noise, and the dotted line indi-
cates the drain voltage (Vd), the detecting voltage, and the
zero crossing detecting signal when the drain voltage (Vd)
has noise. As shown 1n FIG. 5, 1t 1s assumed that noise has
occurred in the drain voltage (Vd) during the period P1 and
the period P2.

When there 1s no noise, the detecting voltage 1s reduced to
be the threshold voltage and the zero crossing detecting signal

/. CD1 {alls to the low level at the time T1. At the time T2, the
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detecting voltage rises to the threshold voltage and the zero
crossing detecting signal ZCD2 rises to the high level.

During the period P11 1n the period P1, the drain voltage
(Vd) caused by noise operates the JFE'T 231 in the saturation
area. The detecting voltage (VD'T') shown by the dotted line 1s
maintained during the period P11, and the detecting voltage
(VDT") 1s reduced to be less than the threshold voltage (Vth)
at the time T3. That 1s, at the time T3, the zero crossing
detecting signal ZCD2 {falls to the low level.

When the detecting voltage (VDT") becomes greater than
the threshold voltage (Vth) by noise at the time T4, the zero
crossing detecting signal ZCD2 rises to the high level. When
the detecting voltage 1s reduced to be less than the threshold
voltage (Vth) at the time TS, the zero crossing detecting signal
7.CD2 falls to the low level.

When the detecting voltage (VDT) rises to the threshold
voltage (Vth) atthe time T2, the zero crossing detecting signal
Z.CD2 rises to the high level.

Accordingly, when the zero crossing detecting signal
ZCD2 occurs by noise, the drain voltage (Vd) zero crossing
time cannot be predicted accurately. FIG. 5 1s given to
describe the influence caused by noise, when the zero cross-
ing detector 212 fails to sense the detecting voltage that 1s less
than the threshold voltage (Vth) because of actual noise, the
period of the zero crossing detecting signal (ZCD) can be
greater than twice as great as the drain voltage (Vd).

The reference clock signal generator 213 receives a prede-
termined clock signal (CLLK1) and a zero crossing detecting
signal (ZCD), and generates a reference clock signal (RCLK)
for generating a synchronized reference signal (SREF) syn-
chronized with the drain voltage (Vd). In this instance, the
reference signal (SREF) follows the full-wave-rectified sine
wave that 1s synchronized with the waveform of the drain
voltage (Vd). The predetermined clock signal CLLK1 can be
provided by the oscillator 222. The reference clock signal
generator 213 estimates the sequential zero crossing times by
using the zero crossing detecting signal (ZCD), sets the inter-
val between the estimated zero crossing times as one period of
the reference signal (SREF), and generates a reference clock
signal (RCLK) including edges that rise and fall by a prede-
termined number of times for the period by dividing the clock
signal CLK1. Here, the drain voltage (Vd) crosses zero at the
Zero crossing time. A time from among random times in the
blocking period can be estimated as the zero crossing time. A
period between the two estimated continuous zero crossing,
times corresponds to one period of the drain voltage (Vd), and
it 15 one period of the reference signal (SREF) that 1s gener-
ated after the second zero crossing time from among the two
Zero crossing times.

The reference number of times 1s fixed to be constant. The
reference number of times 1s determined by a number of times
of rising and falling of the reference signal (SREF) that 1s
required for the reference signal (SREF) to be generated as a
wavetorm that follows the drain voltage (Vd). In the exem-
plary embodiment of the present invention, the reference
signal (SREF) 1s controlled to gradually rise for a predeter-
mined period, and it 1s controlled to gradually fall for a
predetermined period. In this instance, the sum of the number
of times of rising and the number of times of falling 1s fixed to
be constant, and the sum of the number of times of rising and
the number of times of falling 1s the reference number of
times.

The reference clock signal generator 213 sets the period
(T11-T16 1n FIG. 3) between the two estimated continuous
zero crossing times as one period of the reference signal
(SREF) after the second zero crossing time 116 from among
the continuous zero crossing times. The reference clock sig-
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nal generator 213 sets a period between a second zero cross-
ing time 115 and a third zero crossing time 116 as one period
of the reference signal (SREF) after the third zero crossing
time T16. The drain voltages (Vd) of the continuous periods
are very similar. Therefore, when the reference signal (SREF)
corresponding to the drain voltage (Vd) of the current period
by using the period that 1s determined as the estimated con-
tinuous zero crossing time according to the drain voltage (Vd)
of the previous period, the error can be 1gnored.

The period of the reference signal (SREF) following the
drain voltage (Vd) 1s estimated by repeating the above opera-
tion, and the reference clock signal (RCLK) 1s generated.

The digital sine wave generator 214 recerves the zero cross-
ing detecting signal (ZCD) and the reference clock signal
(RCLK), and uses the two signals to generate a digital signal
(DS) for generating a full wave rectily sine wave that 1s
synchronized with the drain voltage (Vd). The digital signal
(DS) has n-bit digital values, and 1t has n-bit digital values
having the same number as the reference number of times for
one period of the estimated reference signal (SREF). The
digital sine wave generator 214 senses the start and the end of
one period of the reference signal (SREF) by using the zero
crossing detecting signal (ZCD), and transmits an n-bit digital

signal (DS) to the DAC 215 synchromized with the reference
clock signal (RCLK).

The digital signal (DS) 1s increased for the period that
corresponds to a half of the one period of the estimated
reference signal (SREF), and 1t 1s decreased for the other half
period, which 1s controlled according to the reference number
of times. For example, when the reference number of times 1s
given as 24, the digital signal (DS) 1s increased and the ret-
erence signal (SREF) 1s sequentially increased from the time
112 when the first edge of the reference clock signal (RCLK)
occurs after the first zero crossing time (111 1 FIG. 3) from
among the continuous zero crossing times to the time 113
when the 12th edge occurs. The edge includes a rising time
and a falling time. An increment of the digital value 1s set to be
an appropriate value for generating the full-wave rectification
SINe wave.

The digital signal (DS) 1s reduced and the reference signal
(SREF) 1s sequentially reduced from the time 114 when the
13th edge of the reference clock signal (RCLK) to the time
T15 when the 24th edge occurs. A decrement of the digital
signal (DS) 1s set to be an appropriate value so as to generate
a full-wave rectification sine wave.

As shown 1n FIG. 3, 1t 1s synchronized with the edge time
of the reference clock signal (RCLK), and the reference sig-
nal (SREF) rises or falls to be a full wave rectification sine
wave.

The digital value has been described to be transmitted to
the DAC 215 at the edge time of the reference clock signal
(RCLK), and the present invention 1s not limited thereto. The
digital value can be transmitted to the DAC 213 at one of the
rising time and the falling time of the reference clock signal
(RCLK). Then, the frequency of the reference clock signal
(RCLK) 1s doubled compared to the case in which the digital
value 1s transmitted to the DAC 215 at the edge time of the
reference clock signal (RCLK).

The DAC 215 converts the input digital signal (IDS) into an
analog voltage signal 1n real time, and outputs 1t. The voltage
signal output by the DAC 215 becomes the reference signal
(SREF). The reference signal (SREF) 1s similar to the full-
wave rectily sine wave.

The compensator 216 recerves the reference signal (SREF)
and the zero crossing detecting signal (ZCD) to generate a
compensation reference signal (CREF) having the high level
during the blocking period.
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FIG. 6 shows a compensator 216 according to an exem-
plary embodiment of the present invention.

As shown in FIG. 6, the compensator 216 includes a logic
operator 232 and an inverter 233.

The mverter 233 inverts the zero crossing detecting signal
(ZCD) and outputs the inverted zero crossing detecting signal
(/ZCD) to the logic operator 232, and the logic operator 232
outputs a high-level compensation reference signal (CREF)
irrespective of the reference signal (SREF) when the inverted
zero crossing detecting signal (/ZCD) 1s high-level. In this
instance, the high level 1s substantially greater than the sens-
ing voltage. The logic operator 232 outputs the reference

signal (SREF) when the inverted zero crossing detecting sig-
nal (/ZCD) 1s low-level.

The PWM controller 220 controls a PWM comparator 221,
an oscillator 222, an SR latch 223, and a gate driver 224.

The PWM comparator 221 includes a non-inverting termi-
nal (+) for receiving a sensing voltage (Vsense) and an invert-
ing terminal (-) for recerving a compensation reference signal
(CREF). The PWM comparator 221 outputs a high-level
comparing signal (COM) when the signal input to the non-
inverting terminal (+) 1s greater than the signal mput to the
inverting terminal (-), and 1t outputs a low-level comparing
signal (COM) 1n another case. The oscillator 222 generates
clock signals (CLK) for determining the switching frequency
ol the power switch (M).

The SR latch 223 generates a gate driver control signal
(VGC) according to the comparing signal (COM) and the
clock signal (CLK). The SR latch 223 includes a set terminal
(S) for receiving the clock signals (CLK), areset terminal (R)
for recewving the comparing signal (COM), and an output
terminal (Q). The SR latch 223 generates and maintains a
high-level gate driver control signal (VGC) when the clock
signal rises, and it generates a low-level gate driver control
signal when the comparing signal (COM) rises.

The gate driver 224 generates a gate signal (V) for con-
trolling the switching operation of the power switch accord-
ing to the gate driver control signal (VGC). The power switch
1s turned on when the gate signal (V) 1s high-level, and 1t 1s
turned off when the gate signal (VG) 1s low-level. The gate
driver 224 generates a high-level gate signal (V) according
to the high-level gate driver control signal (VGC), and gen-
crates a low-level gate signal (V(G) according to the low-level
gate driver control signal (VGC).

FI1G. 7 shows a compensation reference signal (CREF) and
a drain voltage (Vd) when a switching operation 1s controlled
by the compensation reference signal (CREF) according to an
exemplary embodiment of the present invention.

As shown 1n FIG. 7, a compensation reference signal
(CREF) has a high level during the periods P11, P12, and P13
when the iverted zero crossing detecting signal (/ZCD) 1s
high level and corresponds to the reference signal (SREF)
during the periods P21 and P22 when the inverted zero cross-
ing detecting signal (/ZCD) 1s low level.

The sensing voltage (Vsense) 1s generated when the sens-
ing current (Is) having a predetermined ratio of the drain
current (Ids) flows to the resistor (R). When the sensing
voltage (Vsense) reaches the compensation reference signal
(CREF), the PWM comparator 221 generates a high-level
comparing signal, and the high-level comparing signal
(COM) 1s 1nput to the reset terminal (R). The, the gate driver
control signal becomes low-level, the gate signal becomes
low-level, and the power switch (M) 1s turned off. When the
clock signal (CLK) rises, the gate driver control signal
becomes high-level to turn on the power switch (M).

Since the compensation reference signal (CREF) 1s high-
level and the high-level 1s set to be greater than the sensing
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voltage during the blocking periods P11, P12, and P13, the
time when the comparing signal (COM) rises does not occur.
The SR latch 223 maintains the high-level gate driver control
signal during the blocking period. Hence, the power switch
(M) 1s maintained to be turned on during the blocking period.

As shown 1n FIG. 7, the drain voltage (Vd) has the zero
voltage during the blocking periods P11-13.

Therefore, when the power switch (M) 1s turned on during,
the blocking period, the drain voltage (Vd) 1s maintained at
the zero voltage, and hence the case 1n which the period of the
reference signal (SREF) becomes different from the drain
voltage (Vd) by noise of the drain voltage (Vd) occurs.

Referring to FIGS. 8 and 9, a control device according to
another exemplary embodiment of the present invention will
now be described. The compensation reference signal 1s gen-
erated by using the zero crossing detecting signal (ZCD) and
the reference signal (SREF) 1n the above-described exem-
plary embodiment. In another exemplary embodiment of the
present invention, the reference signal 1s maintained at a
constant value during the blocking period by controlling the
digital signal (DS') that i1s increased by the reference clock
signal (RCLK) to have a constant value during the blocking
period. FIG. 8 shows a reference signal generator according
to another exemplary embodiment of the present mvention.
The described exemplary embodiment 1s applicable to the
control device and the converter. F1G. 9 shows a reference
signal (SREF') according to another exemplary embodiment
ol the present invention.

As shown 1n FIG. 8, the reference signal generator 250
includes a voltage detector 251, a zero crossing detector 252,
a reference clock signal generator 253, a digital sine wave
generator 254, and a DAC 255. The voltage detector 251, the
reference clock signal generator 253, and the DAC 2335
respectively correspond to the voltage detector 211, the ref-
erence clock signal generator 213, and the DAC 215 accord-
ing to the described exemplary embodiment, and will not be
described. The digital sine wave generator 214 according to
the current exemplary embodiment of the present invention 1s
different from the previous embodiment, and the current
embodiment does not include the compensator.

The digital sine wave generator 254 recerves the zero cross-
ing detecting signal (ZCD) and the reference clock signal
(RCLK), and uses the two signals to generate a digital signal
(DS') for generating a full-wave rectily sine wave synchro-
nized with the drain voltage (Vd). In this mstance, the digital
sine wave generator 254 generates an n-bit digital signal (DS')
for 1identifying the blocking period according to the zero
crossing detecting signal (ZCD) and having the same value
during the period. In detail, in a like manner of the described
exemplary embodiment, the digital sine wave generator 254
generates a digital signal (DS') that 1s increased for a half of
one period of the estimated reference signal (SREF") and that
1s reduced for another half of the period. In this instance, the
digital sine wave generator 254 generates a digital signal
(DS') that 1s not increased and decreased but has a constant
value during the blocking period.

For example, when the reference number of times 1s 20, as
shown 1n FIG. 9, the time T1 when the first edge of the
reference clock signal (RCLK) 1s generated 1n the one period
of the reference signal (SREF") belongs to the blocking period
P31, and the digital signal (DS') 1s constant and the reference
signal (SREF") 1s also maintained. The digital signal (DS') 1s
increased from the time 12 when the second edge 1s generated
to the time T3 when the 10th edge 1s generated, and then the
reference signal (SREF") 1s sequentially increased.

The digital signal (DS') 1s reduced from the time T4 when
the 11th edge 1s generated to the time TS5 when the 19th edge
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1s generated, and the reference signal (SREF") 1s sequentially
reduced. Since the time T6 when the 20th edge 1s generated
belongs to the blocking period P32, the digital signal (DS'") 1s
maintained to correspond to the 19th edge generating time,
the reference signal (SREF') 1s also maintained. The incre-
ment or decrement of the digital signal (DS') at the edge time
1s set to be a value that 1s appropriate for generating the
tull-wave rectification sine wave.

When the reference signal (SREF') 1s maintained at a pre-
determined level for the blocking period, the sensing voltage
has a lesser value than the reference signal (SREF") during the
blocking period, and the power switch 1s turned on during the
blocking period. Hence, the drain voltage (Vd) 1s maintained
at 0 volts.

Accordingly, the present invention controls the switching
operation of the power switch by generating the reference
signal synchronized with the drain voltage (Vd). In this
instance, the present invention maintains the power switch at
the turn-on state by increasing the reference signal and main-
taining the same at the high level during the blocking period
so as to prevent the reference signal from being influenced by
noise that 1s generated 1n the drain voltage (Vd).

While this invention has been described 1n connection with
what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary, 1s
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What 1s claimed 1s:
1. A control device for controlling a switching operation of
a power switch, comprising:

a reference signal generator for detecting a zero crossing,
time when a voltage at an input end of the power switch
becomes a zero voltage, generating a reference signal
that 1s synchromized with the voltage at the input end of
the power switch by using the detected zero crossing
time, and compensating the generated reference signal
with a first voltage that 1s greater than the zero voltage
during a blocking period corresponding to the zero
crossing time; and

a PWM controller for controlling the switching operation
of the power switch by comparing a sensing current
corresponding to current flowing to the power switch
and the compensated reference signal.

2. The control device of claim 1, wherein

the reference signal generator includes:

a voltage detector for generating a detecting voltage corre-
sponding to the voltage at the mput end of the power
switch;

a zero crossing detector for comparing the detecting volt-
age and a predetermined threshold voltage for detecting
the blocking period, detecting the blocking period
according to the comparison result, and generating a
zero crossing detecting signal that 1s variable by the
blocking period;

a reference clock signal generator for generating a refer-
ence clock signal for controlling the reference signal to
be synchronized with the voltage at the input end of the
power switch by using the zero crossing detecting signal
and predetermined clock signals;

a digital sine wave generator for generating a digital signal
that 1s sequentially increased and 1s decreased according to
the reference clock signal during one period of the reference
signal by using the reference clock signal and the zero cross-
ing detecting signal;
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a digital-analog converter for generating the reference signal
by converting the digital signal into an analog signal; and

a compensator for maintaining the reference signal at the
first voltage during the blocking period by using the zero
crossing detecting signal and the reference signal.

3. The control device of claim 2, wherein the voltage detec-

tor includes:

a voltage-current converting means for generating a detect-
ing current corresponding to the voltage at the input end
of the power switch; and

a resistor to which the detecting current flows, and

the detecting voltage 1s generated by the resistor.

4. The control device of claim 2, wherein the zero crossing,
detecting signal has a first level during a first period from a
time when the detecting voltage that 1s generated when the
power switch 1s turned oif becomes less than the threshold
voltage to a time when 1t becomes greater than the threshold
voltage, and a second level that 1s different from the first level
during a period except the first period, wherein the first period
1s the blocking period.

5. The control device of claim 2, wherein the reference
clock signal generator estimates a continuous zero crossing
time by using the zero crossing detecting signal, sets a gap
between the estimated zero crossing times as a period of the
reference signal, and generates a reference clock signal that
includes rising and falling edges by a predetermined refer-
ence number of times for one period of the reference signal by
dividing the clock signals.

6. The control device of claim 5, wherein the estimated zero
crossing time 1s a random time of the blocking period, and the
reference number of times 1s set to generate the reference
signal mto a waveform that follows the voltage at the input
end of the power switch.

7. The control device of claim 5, wherein the digital sine
wave generator increases the digital signal from a time when
a first edge of the reference clock signal occurring during one
period of the reference signal to a time when an n-th edge of
the reference clock signal corresponding to a half of the
reference number of times occurs, and it reduces the digital
signal from a time when an (n+1)-th edge 1s generated to a
time when an edge of the reference clock signal correspond-
ing to the reference number of times occurs.

8. The control device of claim 1, wherein the reference
signal generator includes:

a voltage detector for generating a detecting voltage corre-
sponding to the voltage at the mput end of the power
switch;

a zero crossing detector for comparing the detecting volt-
age and a predetermined threshold voltage for detecting
the blocking period, detecting the blocking period
according to the comparison result, and generating a
zero crossing detecting signal that i1s variable by the
blocking period;

a reference clock signal generator for generating a refer-
ence clock signal for controlling the reference signal to
be synchronized with the voltage at the input end of the
power switch by using the zero crossing detecting signal
and predetermined clock signals;

a digital sine wave generator for generating a digital signal
that 1s sequentially increased and 1s decreased according to
the reference clock signal during one period of the reference
signal by using the reference clock signal and the zero cross-
ing detecting signal; and

a digital-analog converter for generating the reference sig-
nal by converting the digital signal into an analog signal,

wherein the digital signal 1s maintained during the block-
ing period.
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9. The control device of claim 8, wherein the voltage detec-
tor includes:

a voltage-current converting means for generating a detect-
ing current corresponding to the voltage at the input end
of the power switch; and

a resistor to which the detecting current flows, and the
detecting voltage 1s generated by the resistor.

10. The control device of claim 8, wherein the zero crossing
detecting signal has a first level during a first period from a
time when the detecting voltage that 1s generated when the
power switch 1s turned off becomes less than the threshold
voltage to a time when 1t becomes greater than the threshold
voltage, and a second level that 1s different from the first level
during a period except the first period, and the first period 1s
the blocking period.

11. The control device of claam 8, wherein the reference
clock signal generator estimates a continuous zero crossing
time by using the zero crossing detecting signal, sets a gap
between the estimated zero crossing times as a period of the
reference signal, and generates a reference clock signal that
includes rising and falling edges by a predetermined refer-
ence number of times for one period of the reference signal by
dividing the clock signals.

12. The control device of claim 11, wherein the estimated
zero crossing time 1s a random time of the blocking period,
and the reference number of times 1s set to generate the
reference signal into a waveform that follows the voltage at
the input end of the power switch.

13. A switching control method of a power switch com-
prising:

detecting a zero crossing time when a voltage at an input
end of the power switch becomes a zero voltage;

generating a reference signal that 1s synchronized with the
voltage at the input end of the power switch by using the
detected zero crossing time; and

compensating the generated reference signal with a first
voltage that 1s greater than the zero voltage during a
blocking period corresponding to the zero crossing time.

14. The switching control method of claim 13, further
including controlling the switching operation of the power
switch by comparing a sensing current corresponding to cur-
rent flowing to the power switch and the compensated refer-
ence signal.

15. The switching control method of claim 13, wherein the
generating of a reference signal 1ncludes:

generating a detecting voltage corresponding to the voltage
at the 1input end of the power switch;

comparing the detecting voltage and a predetermined
threshold voltage for detecting the blocking period,
detecting the blocking period according to the compari-
son result, and generating a zero crossing detecting sig-
nal that 1s variable by the blocking period;

generating a reference clock signal for controlling the ref-
erence signal to be synchronized with the voltage at the
input end of the power switch by using the zero crossing,
detecting signal and predetermined clock signals;

generating a digital signal that 1s sequentially increased
and 1s decreased according to the reference clock signal
during one period of the reference signal by using the
reference clock signal and the zero crossing detecting
signal; and

generating the reference signal by converting the digital sig-
nal into an analog signal.

16. The switching control method of claim 15, wherein the
digital signal 1s maintained during the blocking period.

17. An LED light emitting device comprising:

an LED string including a plurality of LEDs;
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a converter for supplying current to the LED string accord-
ing to a switching operation by a power switch; and

a control device for detecting a zero crossing time when a
voltage at an 1nput end of the power switch becomes a
zero voltage, generating a reference signal that 1s syn-
chronized with the voltage at the input end of the power
switch by using the detected zero crossing time, com-
pensating the generated reference signal with a first volt-
age that 1s greater than the zero voltage during a blocking
period corresponding to the zero crossing time, and con-
trolling and switching the switching operation of the
power switch by comparing a sensing current corre-
sponding to current tlowing to the power switch and the
compensated reference signal.

18. The LED light emitting device of claim 17, wherein the
control device 1includes a reference signal generator for gen-
erating and compensating the reference signal, and the refer-
ence signal generator includes:

a voltage detector for generating a detecting voltage corre-
sponding to the voltage at the mput end of the power
switch;

a zero crossing detector for comparing the detecting volt-
age and a predetermined threshold voltage for detecting
the blocking period, detecting the blocking period
according to the comparison result, and generating a
zero crossing detecting signal that 1s variable by the
blocking period;

a reference clock signal generator for generating a refer-
ence clock signal for controlling the reference signal to
be synchronized with the voltage at the input end of the
power switch by using the zero crossing detecting signal
and predetermined clock signals;

a digital sine wave generator for generating a digital signal
that1s sequentially increased and 1s decreased according
to the reference clock signal during one period of the
reference signal by using the reference clock signal and
the zero crossing detecting signal;

a digital-analog converter for generating the reference sig-
nal by converting the digital signal into an analog signal;
and

a compensator for maintaining the reference signal at the
first voltage during the blocking period by using the zero
crossing detecting signal and the reference signal.

19. The LED light emitting device of claim 17, wherein the
control device 1includes a reference signal generator for gen-
erating and compensating the reference signal, and the refer-
ence signal generator includes:

a voltage detector for generating a detecting voltage corre-
sponding to the voltage at the mput end of the power
switch;

a zero crossing detector for comparing the detecting volt-
age and a predetermined threshold voltage for detecting
the blocking period, detecting the blocking period
according to the comparison result, and generating a
zero crossing detecting signal that 1s variable by the
blocking period;

a reference clock signal generator for generating a refer-
ence clock signal for controlling the reference signal to
be synchronized with the voltage at the input end of the
power switch by using the zero crossing detecting signal
and predetermined clock signals;

a digital sine wave generator for generating a digital signal
that 1s sequentially increased and 1s decreased according to
the reference clock signal during one period of the reference
signal by using the reference clock signal and the zero cross-
ing detecting signal; and
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a digital-analog converter for generating the reference sig-
nal by converting the digital signal into an analog signal,
wherein the digital signal 1s maintained at the first volt-
age during the blocking period.
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